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METHOD  OF  PROCEDURE. 

The  test  of  a  E500  iC.V.A.  Allis-Cxialmers 
Turbo-Generator  Unit  comprises  the  subject  of 
this  tiiesis,  and  it  is  the  commercial  testing 
of  the  unit,  under  operating  conditions  that 
the  v/riters  will  present  with  complete 
calculations  and  detailed  descriptions  of  the 
methods  of  testing,  and  of  the  units.   It  was 
decided  after,  a  general  survey  of  ej^isting 
conditions  to  run  the  test  under  the  conditions 
that  the  unit  was  then  operating,  even  though 
they  were  not  such  as  would  lead  to  most  efficient 
operation. 

The  various  instruments  were  first 
calibrated,  and  adjusted  to  read  within  the 
limits  of  their  scales  for  the  conditions  under 
which  they  were  to  be  used.   The  flow  meters 
and  the  calorimeter  were  then  tapped  into  the 
steam  lines  by  the  steam  fitter  and  were  tested 
out.   The  electrical  instruments  were  cut  in 
behind  the  switch  board,  between  the  alternator 
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and   the   high  tension  bus. 

The   primary  res^^lts   to  he   obtained   are, 
the   pounds   of   steam  per  K.W.Hour   taken  by  the 
turbine  and    the  pounds   of   steam  per  E.W.Hour 
taken  by  the   auxiliaries,    and,    in  addition, 
a   saturation   curve   is   to   be   obtained   for   the 
alternator  and   the  per-cent   voltage   regulation. 
This   requires   three   separate   runs,    and   the 
method   for   each  run  was  as   follows: 

RUU   #1.    -   IIO  LOAD   SATUHATIOW   CURVE. 

The   generator  will   be   run  under  no  load 
conditions,    at   constant    speed,    and    the    field 
e?:citation  varied    from    zero   to   60  amperes   at 
regular    intervals.      The   exciter   voltage   is   to 
be  kept   constant   at   98  volts.    Take   readings   of: 

Generator    speed      -    constant,    3600  H.P.M. 

Generator  voltage 

Field    current  -   0   -  max.    10  Amp. intervals. 

Field   voltage  -   constant,    98   volts. 
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RUN  #2.  -  VOLTAGE  HEGIILATIOII. ' 

The  generator  will  be  operated  under 

normal  full  load  conditions  e.  i.  3600  H.P.M. 

-  60  cycles,  2000  K.W.,  and  80/o  P.F.   Tr.e 

value  of  the  field  current  under  these  conditions 

is  to  be  obtained. 

The  generator  is  then  operated  under  no 

load  conditions  with  the  same  excitation  used 

for  full  load,  and  at  the  same  speed.   The 

terminal  voltage  is  then  read.   The  following 

equation  gives  the  per  cent  of  voltage 

regulation. 

$   voltage  reg.  =  ^o  "  ^^  x  100 

Ef 

RUN  #3.  -  LOAD  HUH. 

The  generator  will  be  operated  under  normal 
conditions  as  previously  specified  and  with  full 
field  excitation  of  60  amperes.  The  P.F.  of  the 
load  is  to  be  80/;^.  The  load  is  then  varied  from 
zero  to  maximum  (627  amp.  per  line)  at  regular 
intervals. 

The  generator  voltage,  and  frequency  are  to 
be  kept  constant,  also  the  current  and  voltage  for 
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excitation.   Headings  are  to  be  taken  as  follows 
GSNERATOH : 
Load  Current 
Load  Voltage 
Load  Power 
Exciter  Voltage 
Exciter  Current 
Generator  Frequency 
Generator  Speed 
TURBIIG: 

Vacuum  in  inches  EG. 
Steam  Flow  -  Inlet 

Calorimeter-  Pressure  and  Temperature 
Exhaust  Steam  Temperature 
CONDENSER: 
Water  ?low  -  Inlet 
Water  Temperature  -  Outlet 
Water  Temperature  -  Inlet 
CONDENSER  TVm 
Steam  Plow  Inlet 
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LOCATIOiJ   OP  ELECTHICAL 
&   STEAM  IIJSTHUIilEiJTS 

ELKGTRICAL    INSTRmEWTS ;        The    electrical    instruments 
were   grouped   together   on  a   small   bench  for 
convenience   in  taking   simultaneous  readings. 
Insulated  wires  were   run  from  them  to   the 
rear   of  the   switch  board. 

While   the  unit   v/as   shut   down  the  main 
bus-bars  were   disconnected   and   current 
transformers  were   connected   in  the  liiies 
between   the   alternator   and   the  bus-bars 
and   their    secondary  windings   short-circuited 
temporarily  until   connections  were  made  with 
the  ammeters.      vVhen  the   ammeters  were 
connected  with  the   transformers  the   short 
was   then  broken,    tijrowing  the   ammeters   into 
circuit. 

It  was   first   intended    to   use   the    potential 
transformers   that  were   permanent   in  the 
connections    and   connect   our   voltmeter   at 
the  voltmeter   plays  on   the    switch  board. 
After   several   attempts   to   do   so  and   considerable 
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investigation ,  we  found  that  these 
connections  could  not  be  made,  due  to 

a  feed-back  in  tiie  circuit  that  made  tne 
voltmeter  read  incorrectly.   AuTriliary 
potential  transformers  were  then  obtained 
and  connected  in  the  main  bus-bar  circuit. 

A  double  pole,  double-throw,  switch 
was  used  to  throw  the  voltmeter  from  one 
phase  to  the  other. 

We  used  the  d irect- current  ammeter,  that 
was  connected  in  the  switch  board  exciter 
circuit,  to  obtain  our  readings  for  current 
consumption  of  the  exciter. 

The  regular  switch  board  equipment  was 
used  when  starting  or  paralleling  the  unit 
with  other  units. 

The  steam  instruments  were  connected  at 
those  points  where  correct  readings  could  be 
obtained. 

STEAM  IIIST.^ULEKTS:   A  G.E.  Flow  Meter  was 
tapped  in  the  vertical  section  of  the  steam 
line  and  a  rigi.t  angle  globe  valve  tapped 
into  the  line  at  the  same  height  to  which  was 
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attached  a  Throttling  and  Evaporating 
Calorimeter. 

With  this  type  of  calorimeter  the 
quality  of  the  steam  was  calculated  from 
the  temperature  and  pressure  reading?  that 
were  taken  with  each  set  of  data. 

The  exhaust  steam  noszle  of  the  turbine 
was  tapped  and  a  thermometer  cup  inserted. 
This  cup  was  filled  with  mercury  providing  a 
metallic  contact  with  the  thermometer  and 
excluding  all  air,  which  gave  a  correct 
temperature  reading  for  the  exhaust  steam. 
A  thermometer  cup  was  also  tapped  into  the 
oord enser  outlet  pipe  in  the  same  manner,  to 
record  the  temperature  of  the  outlet  water 
from  the  condenser. 

A  thermometer  was  hung  in  the  cold  v/ater 
supply  ivell  to  determine  the  temperature  of 
the  water  entering  the  condenser. 

A  G.E.  Plow  Meter  is  tapped  in  the  steam 
line  to  the  removal  pump  turbine  to  determine 
the  steam  consumption  of  the  removal  pump. 
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We  first  attempted  to  measure  the  flow 
of  the  supp!ly  water  to  the  condenser  with  a 
G.E.  Flow  Meter  but  the  velocity  of  the 
water  was  too  great  for  the  constants  and 
mechanism  of  the  instrument  so  it  was  necessary 
to  substitute  a  mercury  manometer  anri  determine 
the  flow  from  the  difference  in  pressure  and 
the  constants  of  the  nozzle. 

Another  mercury  manometer  was  connected  to 
the  vacuxim  chamber  to  read  the  vacuun  in  inches 
of  mercury  at  the  exhaust  end  of  the  turbine. 
The  manometer  was  mounted  on  the  wall  and  piped 
to  the  turbine  guage  panel  where  it  was  tapped 
into  the  line. 
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DESCRIPTIOK   0}p  lliE   UI^T 
&  AUXILIA.RIx:S. 

THE  UUIT:        The   for  "bo -generator    set  under 
consideration    is    located   in  the    south-west 
corner    of   the    generator   room   of  the  Armo-ur 
&   Co.    Power   Plant.      The  set   consists   of  a 
High  Pressure   Condensing   Steam  Turbine  and 
Alternator  Unit. 

The   Steam  Turhine    is   known  as   the 
horizontal,    "Allis-Chalrner s-Parsons"  ,    reaction 
type,    connected    to    the   generator   by  a   flexible 
coupling.      The   rotors   of  the   turbine,    and 
generator   are  each  carried   in  tv.'O   bearings 
which  permits   them  to  be  handled    separately. 

A  description  of  the   interior  mechanism 
of  the   turbine   cannot    be  given   since  access 
could    not  be   obtained.      However,    an  accident 
which  occurred   diarirjg  the   test,    made    it 
necessary  to   remove    the   bonnets   and    this 
provided   an  opportunity  to   examine   the 
interior  of  the   alternator. 

The   armature   core    is  built  up   of  laminated 


-11- 


steel  held    in   slots   in  the  cast   iron   frame. 
Ventilating-  spaces   are  provided   thru  which 
the   air   is    forced.      The    coils   are   thoroughly 

insTilatsd    and  held    firmly  in   slots    in  the 
laminated   core. 

The    core   of  the   revolving   field    is  made 
of   steel   with  slots   to    receive    the  windings. 
The   windings    are    of   cor  per   y.nd    held    securely 
in  the   slots   by  wedges.      The   alternator    is 
ventilated    by  air   forced    thru   all   parts    by 
means    of  fans   attached   to   the    field    structure. 

The   automatic   governor    is  provided   with 
a  hand    operated   synchronizer  which  is    so 
adjusted    to   allow  a  variation  of  approximately 
three  per-cent   above   and    below   the  mean  speed 
of  the   unit. 

The   variation  in   speed    from  half  to   full 
load  under   ordinary   operating   conditions,    was 
found  to  be   approximately  trj:ee  per-cent,   while 
a  great    or    sudden  variation  would    cause    a 
momentary  variation  of  approxi  nately  five  per- 
cent. 
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The  machine  is  also  equipped  with  an 
automatic  safety-stop  governor  which  will 
automatically  shut  off  the  steam  supply, 
should  the  unit  reach  a  predetermined  speed 
in  excess  of  normal.   A  lever  is  also 
provided  for  tripping  the  safety-stop  by 
hand  and  is  conveniently  located  on  the  end 
of  the  unit. 

A  screw- operated  throttle  valve  is  used 
on  the  unit  for  steam  admission  and  a  steam 
strainer  is  encased  in  the  pipe. 

The  electrical  terminals  from  the 
generator  lead  out  thru  the  foundation  and 
into  the  basement.   From  there  they  follow 
the  ceiling  and  come  up  behind  the  switch 
board  on  the  balcony,  thru  large  conduits 
fastened  to  the  wall. 

The  foundation  of  the  unit  is  large  and 
heavy  and  of  such  construction  that  a 
minimum  amount  of  vibration  is  transmitted 
when  the  unit  is  in  operation. 


-13- 


THE   C0I:DE:JSIKG  EQUIPIISN'J?. 

THE   COIIDEIISSr::        The   condenser    operated  v;ith 
thi s  unit   is  of   the  Allis-Chalmers  vertical, 
high-vacunm,    jet -type   of   cylindrical   form  and 
it   is    set   directly  beneath  the   turbine,    and 
the   top  of  the   condenser    coniiects   directly 
with   the   exhaust   nozzle   of  the   turbine.      This 
provides   a  direct  connection  and  a  minimum 
amount  of  space   occupied  by  the  unit. 

The    shell   and   heads   are   provided  with 
heavy  machined   flanges  with  drilled   bolt  holes 
on  close   centers.      All    joints   are  made  with 
full  width  gaskets   to    insure   tight    joints. 
The   exhaust   steam  inlet  nozzle    is   located    at 
the   top   of   the   condenser,   while    the   injection, 
atmospheric   exhaust,    air   suction,    and   water 
discharge   nozzles   are  at   the   side.      There  is 
also  a   large  manhole    in   the    side   of   the    shell 
that   may  be    opened   for   inspection  purposes. 
The   construction   on  the   interior   of   the 
condenser   is   perfected  to   the   extent   ti.at 
there   are  no   contracted  water  passages,   no 
parts   that  reouire   adjustment,    and 
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nothing  to  get  out  of  order. 

The  air  connection  is  located  at  a  point 
in  the  condenser  where  the  vapors  are  at  their 
greatest  density,  and  this  reduces  the  work 
of  the  dry  v&cuum  pump  to  a  minimum. 

The  condenser  is  equiiDped  vith  an 
automatic  vacuum  breaker  whose  function  is  to 
admit  air  and  break  the  vacuum,  should  the 
level  of  the  water  in  the  condenser  rise 
beyond  a  predetermined  limit.   A  hand  control 
is  also  connected  to  the  valve  and  is  located 
between  the  intake  throttle  valve  and  the  guage 
panel  directly  on  the  side  of  the  turbine. 

The  condenser  water,  upon  entrance  to  the 
shell,  is  distributed  evenly  by  a  slotted 
annular  ring,  fitted  with  auxiliary  spray 
channels,  so  arranged  to  break  the  water  up 
into  fine  particles.   This  feature  along  with 
the  ample  condensing  chamber,  permits  a  very 
thorough  mixture  of  the  water  and  steam. 
THE  WATER  REMOVAL  PUMP:    The  water  removal 
pump  is  of  the  Allis-Chalmer s,  double  suction, 
horizontal  shaft,  multiple  runner,  single  stage, 
centrifugal  type,  entirely  submerged  in  the 
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water  in  the  base  of  the  condenser. 

The  water  enters  the  pump  from  both 
sides  at,  and  directly  opposite,  the  center 
of  each  revolving  impeller,  thereby 
providing  a  balanced  suction.   Each  impeller 
Is  of  the  inclosed  type,  cast  in  bronze, 
forced  on,  and  keyed  to  the  shaft.   The 
pump  casing  is  of  cast  iron  and  of  the  snail 
shell  type.   The  shaft  is  of  machined,  open 
hearth,  steel,  designed  v.ith  a  large  factor 
of  safety  to  insure  sufficient  strength. 
The  shaft  is  extended  on  one  end  to  receive 
the  direct  connection  to  removal  pump  turbine. 

The  shaft  bearings  are  of  the  ring 
oiling  type,  with  babbitt  lined,  cast  iron 
bushings.   The  bearings  are  carried  in 
brackets  bolted  to  the  condenser  shell  with 
heavy  flanges,  which  are  of  sufficient 
diameter  to  permit  the  removal  of  the  shaft 
and  pump  impellers,   after  the  bearing 
brackets  have  been  removed. 
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Brass  water  sealing  rings  are  used 
in  the  stuffing  boxes  to  prevent  air 
leakage. 

The  hase  plate  for  the  condenser, 
removal  pump,  and  prime  mover,  is 
constructed  of  heavy  cast  iron,  which  forms 
a  self-contained  and  compact  unit  and  assures 
perfect  alignment  of  the  pump  and  Drime  mover 

The  direct  couioling  between  removal  pump 
shaft  and  turbine  shaft  is  of  the  flexible 
flanged  face  type. 

REMOVAL  PU:.1P  TUHBIilE:    The  removal  pump 
turbine  is  of  the  Allis-Chalmers,  horisontcl , 
non-condensing,  impulse  type.   The  cylinder 
is  constructed  of  cast  iron  and  divided 
horizontally  through  the  center  so  that 
the  upper  half  may  be  easily  removed  to 
permit  inspection  of  the  rotor. 

The  spindle  is  made  of  a  solid  steel 
forging  onto  which  the  blade  wheel  is 
mounted  directly.   The  assembled  rotor  is 
balanced  to  assure  smooth  running. 
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The  blades  of  the  rotor  are  constructed 
of  a  special  alloy,  patented  by  Allis-Chalmers 
Co.  and  designed  to  resist  erosion,  corrosion, 
and  the  temperatures  specified. 

The  turbine  bearings  are  independent  of 
the  pump  bearings  and  are  of  the  ring  oiling, 
babbitt  lined  type. 

The  speed  governor  is  of  the  centrifugal 
type  and  driven  by  self-lubricating  glaring 
from  the  turbine  shaft.   A  separate  governor 
is  also  connected  which  v/ill  autoinatically 
shut  off  the  steam  supply,  should  the  unit 
reac-  a  predetermined  speed  in  excess  of 
noriial  value.   There  is  also  a  hand  lever  by 
which  this  governor  may  be  tripped  should  it 
become  necessary. 

DRY  VACUUIvl  PUMP:    The  dry  vacuum  pump  is  of 
the  Allis-Chal.-ners,  horizontal,  steam-driven, 
crank  and  fly  Wheel  type,  with  the  steam  and 
vacuum  cylinders  attached  to  opposite  ends 
of  a  common  frame.   This  pump  withdraws  the 
air  and  non-condensable  vapors  from  the 
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condenser  and  discharges  freely  into  the 
atmosphere. 

The  vacuum  cylinder  is  constructed  of 
close-grained  cast  iron  and  thoroughly 
water- jacketed .   It  is  mounted  on  a  cast 
iron  base  plate. 

The  suction  nozzle  cnens  into  an  aniiular 
belt  around  the  cylinder  barrel  inidway 
between  the  ends  and  communicates  with  the 
interior  thru  suction  ports  which  are 
located  around  the  circumference  of  the 
cylinder  bore.  A  space  is  left  between 
the  ports  on  the  bottom  of  the  cylinder 
to  provide  ample  surface  for  carrying  the 
piston.   These  ports  are  opened  and  closed 
by  the  travel  of  the  piston  giving  a 
mechanically  controlled  inlet  without  a 
multiplicity  of  additional  moving  parts 
for  this  purpose. 

The  discharge  valves  are  of  the 
automatic  disc  type  made  of  thin  sheet  steel. 
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hardened ,  and  ground  to  their  seats,  and 
are  held  thore  by  light  helical  springs. 
Each  va]ve  is  mounted  in  a  removable  cage 
forming  a  valve  seat  and  guard ,  the  latter 
limiting  the  lift  and  preventing  excessive 
shock.   The  assembled  cage  including  the 
valve,  seat,  spring,  and  guard  form  a  self- 
contained  unit  which  is  easily  removed  for 
inspection  or  renewal. 

The  suction  belt  drains  into  the 
cylinders  thru  the  inlet  ports  and  the 
discharge  valves  are  placed  at  the  lov/est 
point  in  each  cylinder  head  to  insure 
complete  disciiarge  of  all  moisture  and 
vapors,  thereby  making  the  entire  cylinder 
self-draining.   The  design  and  construction 
is  such  that  there  are  no  pockets  to  allov/ 
an  accumulation  of  water. 

The  piston  is  made  of  cast  iron  and 
fitted  Vv'ith  packing  rings  at  each  end.   It 
is  also  cored  out  making  it  as  light  as 
possible  consistent  with  strength. 
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I'he  vacuum  piston  rod  is  machined 
from  open  hearth  steel  and  secured  to 
both  piston  and  cross  head  by  a  shoulder 
and  lock  nut. 

The  steam  cylinder  and  valve  are 
combined  in  one  casting.   The  steam  piston 
is  of  cast  iron  and  box  type  fitted  with 
snap  rings.   The  piston  rod  is  machined 
from  open  hearth  steel ,  threaded  into  the 
cross  „ead  and  secured  with  a  lock  nut  and 
fastened  to  the  piston  by  a  shoulder  and 
lock  nut.   i'he  piston  valve  is  of  cast 
iron  and  carried  in  the  valve  chest  in 
removable  iron  bushings.   It  is  driven 
from  an  eccentric  on  the  main  shaft. 

The  governor  is  of  the  throttling  type 
with  a  speed  changer  and  safety-stop 
attachiv-ent ,  to  act  if  the  governor  belt 
should  break. 

i  The  frame  and  cross  head  guides  are 
combined  in  one  heavy  casting  with  large 
bearing  surfact  on  the  foundation.   The 
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cross-head    is    of  east    iron  with  babbitt- 
faced    adjustable    shoes.      The   connecting 
rod    is   open  hearth   steel  with   solid   cross 
head    end    fitted   with  wedge   adjustable 
bronze   bo^es   and    marine    cranh  end    fitted 
with  cast    iron  babbitt-lined    boxes,      'fhe 
main  bearings  are   babbitt-linged   and    split 
to  provide   adjustment   is   case   of  wear. 
The   crank   shaft   is   of   the   center 
crank  type   with  ey.tenstions    on   both  ends. 
Fly  wheels    of   single    casting  are  key 
seated   to   these   extensions. 

The   steam  cylinder   is   covered  with 
non-conducting  material ,    lagged   with   sheet 
steel.      Sight   feed   oil   cups   are  used    for 
lubrication   of  bearing  surfaces. 
SWITCH  BOAEL  AIJD  SQUIPIISKT:         The   switch 
is   of  the  panel   type   and    constructed   of 
black  marine   slate.      It    is  rigidly 
supT^orted   by   iron  pipe   frame  work.      The 
switch   board    consists   of  the   fo] lowing 
items: - 


ITEM  A.  1  Swinging  bracket. 

"  B.  1  Exciter  Panel. 

"  C.  1  A.C.  Generator  Panel. 

"  D.  1  Blank  generator  panel. 

"  E.  1  A.C.  Rotary  and  Transformer  panel. 

"  P.  1  A.C.  Rotary  Iransformer  panel. 

"  G.  1  Swinging  "bracket. 

"  H.  1  D.C.  Rotary  panel. 

ITEM  A . 
SWIKGIKG  BRACiST:    mounting 

1  -  Synchroscope  with  110  volt,  60  cycle 
winding  and  lamps,  equipped  with 
set  of  synchroni^.ing  plugs. 

1  -  150  volt  A.C.  voltmeter  with  scale 

reading  E.300  volts  equipped  with 
voltmeter  plug. 

ITEM  B. 
EXCITER  PAilSL*:   mounting 

2  -  400  ampere  D.C.  ammeters. 
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1  -  150  volt  D.C.  voltmeter. 

2  -  Voltmeter  receptcLcals  with  plugs. 
2  -  Hheostat  hand  wheel  raonntings. 

2  -  T.P.S.T.  knife  switches. 

.  ITEM  C. 
GENERATOR  PAIJEL:   2000  K.W.  max.  QOfo   P.F. 
2300  volt,  60  cycle,  3  phase,   monnting 

3  -  2000  ampere  A.C.  ammeters. 
1  -  D.C.  field  ammeter. 

1  -  Synchronizing  receptacle. 
1-8  point  voltmeter  receptacle. 
1  -  iiheostat  hand  wheel  mounting. 

1  -  T.P.S.T.  1500  ampere,  G.E.  k-12 

non-automatic  oil  switch,  hand 
operated,  remote  control,  pipe 
frame  mounting. 

2  -  Current  transformers. 

2  -  Potential  transformers. 
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ITEM     D. 
BLANK  GENERATOR  PStTEI:        To   be   used    for 
mounting   future   equipment  as  per   Item   C. 

ITEM     E . 
A.C.    ROTARY  AIJD  TRANSPORIER   PANEL:    To   control 
a   750  K.W.    6  phase,    rotary  in   connection  with 
suitable   2300  volt,    step-down,    3  phase 
transformers   for   550  volts   direct   current, 
mounting 

1  -  1000  ampere  A.C.  Ammeter. 

1  -  Polyphase  power  factor  meter. 

1  -  Current  transformer  for  the  above 

meters  in  the  A.C.  low  tension  rotary 
circuit. 
1  -  T.P.S.T.  800  ampere  G.S.  K-12  automatic 
oil  switch  hand  operated,  remote  control, 
rsipe  frame  moiinting. 

1  -  D.P.  I.T.I,  overload  relay  for  oil  switch 

2  -  Current  Transformers. 
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ITEM  F. 

A.    C.    ROTARY  AND  TRAUSFOmiEH  PANEL:      same 
as   Item  S.   with  the    following   additions 
considering  that   the  rotary   of  this  panel 
is   to    operate   inverted   at   times   and    to 
parallel  with  2300   volt  bus-bars. 
1   -   Synchronizing  receptacle. 
1    -   Potential    transformer   for   connection 
with   synchronizing   receptacle    and 
synchroscope    of  Item  A. 

ITEM  G. 
SWINGING  BRACKET:        mounting 

1    -   750  volt,    D.C.    voltmeter,    equipped 
with   voltmeter   plug. 

ITEIvI  H. 
D.    C.    ROTARY  PANEL:         750  K.W. ,    550  volt,    2 
wire,    panel,   mounting 

1   -   Single  pole,    2000  ampere,    600  volt 
D.C.    carbon   circuit  breaker,    with 
overload   trip  coil   and   low   voltage 
release   G.E.    type. 
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1  -  2000  ampere  D.C.  ammeter. 
1  -  Voltmeter  receptacle. 

1  -  Rheostat  hand  wheel  mounting. 

2  -  S.P.S.T.  2000  main  generator  knife 

switches. 
1  -  Squilizer  pedestal  with  S.P.S.T. 

eqtiilizer  knife  switch  for  mounting 
near  rotary. 
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IT3MS   OF   IIITEP.SST. 

The  cold    well   is  so  located   that    the 
condenser   syphons   its  condensing  water. 
Water  is   not   delivered   to   the   condenser   under 
pressure    except   when  starting  up   or  recoveririg 
its   vacuum,    should   it  be  lost   duririg   operation 
forced   injection   is  then  used. 

The  rjoaximum  suction  left   of  the   condensing 
water   including  friction  should   not  exceed 
the   equivilant  of  eighteen  feet  head   at   sea 
1 evel . 

The  horizontal  distance  between   condenser 
hot   and   cold  wells   is  less   then  twenty  five 
feet. 

Double  screens   are  used   over   condenser  . 
intake   pipe   to  prevent  effectually  the   entrance 
of  any  foreign  material   v.-hich  would   tend   to    clog 
the  water  removal  pump. 

The   condensing  water    should    be    fresh, 
clear   and   free   from   acids   in   sufficient 
quantities  to   injure   cast   iron  parts   of   condenser, 
pumps,    etc. 
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The  condensing  water  should  not 
contain  more  than  2%   air  and  gas  "by 

volume. 


PART   THREE. 
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THE  MJiaWETIZATIOK    CURVE. 

The  magnetization  curve,    or   as    it    is 
someti.Ties   called    the    saturation   curve,    or 
no   load   characteristic    is    the    relation  between 
flux  and    terminal   voltage.      This   is   plotted 
with   the    field    current   as   abscissa   and  the 
corresi^onding   terminal    volts   as   ordinates.    If 
the  magnetic   circuit   had   constant  reluctance 
the  magnetization  curve  would   start  as   a 
straight  line   through  the   origin,   "but   since 
the  permeability  of  the  magnetic   circuit    falls 
off  as  the    flux  increases,    the    flux  does  not 
bear   a  constant  ratio   to  the  aagne to-motive 
force.      The   result   is   that   the  magnetization 
cuitre  drops   as  the   field    is   increased.      The 
straight  portion  of  the   curve  represents  a 
condition   of  affairs   in  which  the    iron  of  the 
circuit   is  worked   at  a   value  well  below   its 
saturation  point,   but  as  the  curve  begins   to 
drop  weapproch   the   saturation  point   of  the 
iron. 

The  magnetization  curve  was   determined 
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experiDientally  by  running   the  generator  at   its 
rated    speed    andi  without  load.      The  field   voltage 
was  maintained   constant   at   1 ts   normal   value   and 
the   field   current   varied   from   zero   to   full   load 
value  "by  means  of  resistance    in   the  field   circuit. 
The    terminal   voltage  was  read    for   each    value  of 
the    field   current.      The    data   obtained   are   included 
in  this   section  and   the   curve  was   plotted 
directly  from   these   data. 

The  magnetisation  curve  obtained  from  this 
generator   is   a   straight   line,    as   shown  by  the 
curve,   which  shows   that  we  are  working   the   iron 
well   below   the   saturation  point.      This    is   very 
desirable,    since    the    terminal   voltage   now  becomes 
directly  proportional    to    the   excitation  and   this 
straight  line  relation  gives   a  very  good    voltage 
control   for   the   generator. 


s 
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VOLTA GE  RE  GULAT 1 0 U . 

The  terminal  voltage  of  an  alternator  is 
generally  different  at  no  load  from  what  it  is 
at  full  load,  with  the  same  value  of  the 
excitation.   The  difference  "between  these  two 
values  is  a  measure  of  the  regulation  of  the 
alternator  for  constant  voltage,  and  this 
difference  is  called  the  voltage  regulation. 
The  Standardization  Rules  define  percentage 
regulation  as  "the  percentage  ratio  of  the 
change  in  the  quantity  occurring  between  the 
two  loads,  to  the  value  of  the  Quantity  at 
either  one  or  the  other  load,  taken  as  the 
normal  value'.   However,  since  the  full  load 
value  is  usually  considered  the  normal  voltage, 
it  would  be  used  as  the  devisor  in  obtaining 
the  percentage  regulation  and  we  may  give  ti.e 
definition  in  tr.e  following  manner. 

The  percentage  voltage  regulation  is  the 
difference  between  the  full-load  and  no-load 
voltages  divided  by  the  full  load  voltage  and 
multiplied  by  100. 
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We  obtained,    from   out  test,    a   terminal 
voltage    iit   full    load    of  2286  volts  with  an 
excitation  of  60  amperes   and    95.5  volts.      The 
load   was   then  removed   and   the   voltage   rose 
to  2740  volts  with   an  excitation  of  60  amperes 
and    97.5  volts.      The    per-oent  voltage 
regulation   of  the  alternator  is   then  given  hy 
the   equation 


X  100 


;&  Regulation  =  ^i  "  ^g 

V^  ~   no  load  voltage. 
Vg  =  full  load  voltage 

%   Regulation  ::  2740  -  2286  x  100   19  q4 

2286  ~    ^  ^ 
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THEORY. 

The   unclerlying   theory  cf  the  charge   in 
the  terminal   voltage   of  the   alternator  will 
he   discussed    in   detail    in  the  following  paragraphs. 

The    decrease   of  terminal    voltage    of  an 
alternator,  with  an   increase   in   the   current 
output,    is    due   to   several    things;      one  being  the 
resistance   of   the    armature  windings,    another  is 
due   to   self-induction   and    a  third,    the  magnetizing 
action  of  the   armature   currents  which  is  better 
understood   if  we   divide   the    flux   into   two  parts, 
one   part  being   due    to    the    field  Vvindiiigs  which 
produce   a  certain  constant   flux   ((D);    and   the 
other   being   due   to  the  armature   currents   producing 
an  additional    flux   (0)^). 

The   flux   {(D)    produces  a   certain   total 
induced   electromotive    force   in   each   armature 
winding.      A  part   of   this   total   induced   flux 
is  used   in  balancing   the    armature    flux    ((D^)* 
Another   part   is  used   to   overcome    armature 
resistance   another    to    overcome   the    self-ind^^Gtion , 
while    the  remainder   appears  as   the    terminal 
voltage   of   the  alternator.      To   calculate 
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the  voltage   regulation  we  must   consider   the 
value  and    phase  relation  of  the   flux   (Q)^) 
now   in  the  polyphase  alternator,   with  a 
balanced  non-inductive   load.      The    armature   flux 
((D^)    is   constant   in  value   and   space  relation, 
for   a  given  value  of  the   armature   currents. 
The    electromotive    forces   are   induced   in  the 
moving   conductors  as   they  cut   this    flux. 
When  the    alternator  delivers   current   to    the 
above  load,    the   axis   of  the    armature 
magnetizing   flux   (D)]^)    is   at  right   angles   to 
the   axis    of  the    field  flux   ((0-^). 


The   sketch  represents   a   four  pole  alternator 
of  -the  revolving   field   type.      The   poles  H  and   S 
are  the  permanent   field   poles,    and    tte   poles  H]_ 
and   Sj    are   induced  poles   in  the  armature   winding. 
We  may  consider   the  armature   field  revolving   in 
the   same   direction   as   the   rotor    field,    and    at 
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unity  power  factor,    the  pole   K-j,    will   be  half 
way  between   the   poles   N  and    S. 

^Vhen  the  alternator   deliveres   current   to 
a  balanced   inductive  load,    the   current  lagging, 
the   alternator    field  will   lag   thereby  bringing 
the  pole  Hi   closer   to   the  pole  I  and   further 
from   the  pole   S;    thus   the    armature  magnetizing 
flux  (ffi-ji)    is   shifted  back  through  an   angle   0 
where    0  is  the   angle   between  voltage   and   current 
in   the   receivirig   circuit.      If  we  have   a  balanced 
capacity   load  with   the  current   leading  tiie 
voltage   by  0  degrees,    the   armature   field  will 
be   ahead   of  the  rotor   field  bringing   the  pole 
^•^   closer   to   the  DOle   S   and    further   from  the 
pole   If.      The   axis   of  the   flux   {\L-^)   will   then 
be   shifted   forward   through  an  angle    of  0  degrees. 

The  armature    flux   ((D-j^)    is   to   a  certain 
extent   opposed    to   the    field   flux   ( !D)    when 
the    current  lags   the  voltage   and   to  a   certain 
extent  is    in  the   direction   of  the    field   flux 
( fl)   )    when  the  current   leads   the   voltage.      The 
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armature   flux  ( fl)-^ )    then  seems   to   have   no 
effect  when  tho  load    is   non-inductive,    it  being 
at   right   angles   to   the    field    flux   ((D). 

The  distribution  of  the   field   flux    (  ffi) 
is  not  harmonic,    and    therefore   the   elctromotive 
forces  produced  by   (JD)    are  not  harmonic.      This 
is   due   to   the   fact   that   the    field   magnet   is 
not  uniformly  distributed   on  the   rotor  but 
is   made  up   of  distinct  poles,    separated   by 
air   gaps. 

The   self-induction   of  the   alternator 

L,    is  a  vdriule   and   depends  upon   the   resultant 

flux  and   the  current   through  the  windings   and 

the  expression  Ldi   is   the   back  electromotive 

dt 
force   induced    in   the    armature   due   to   its   total 

self-induction. 

It   is   further   evident  that  with  a  non- 
inductive    load    the   electromotive   force    induced 
in  each  armature  v;inding   by  the    flux    ((Dn)    is 
90   degrees  behind    the    electromotive    force 
induced    by   the    flux    ((D),    so   that  the   portion 
of   the    total    induced    electromotive    force 
(due  to   Q)    which  is  used   to   overcome  the 
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electromotive  force  produced  by  (ID^);  is 

90  degress  ahead  of  the  resultant  induced 

electromotive  i'orce,  or  90  degrees  ahead  of 

the  current  in  that  portion  of  the  armature 

winding.   The  voltage  and  current  are  in 

phase  with  each  other  with  a  non-inductive 

load.   The  same  relation  will  he  found  to 

hold  true  with  any  type  of  loading,  that  is, 

the  portion  of  the  total  induced  electromotive 

force  which  is  lost  in  overcoming  the 

electromotive  force  produced  "by  (ID),  is 

90  degrees  ahead  of  the  current,  in  phase  relation, 

The  lost  electromotive  force  is  al so 
proportional  to  the  armature  current  and  may 
be  expressed  as  XI  where  X  is  a  reactance 
which  is  called  the  "synchroneous"  reactance 
of  the  armature.   The  general  relation  between 
the  total  induced  voltage  (due  to  the  flux  (D) 
and  the  terminal  voltage  of  the  alternator  is 
shown  in  the  following  sketch. 
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(OC)    represents   the   current   in  one 
armature  winding,    (OA)    represents   the    total 
induced   electromotive   force,    and   (OB)    the 
terminal   voltage.      (RI)    represents   the 
electromotive    force  last   in  overccraing  the 
annature   resistance   and    (XI)    that  portion 
lost  in  overcoming   the   armature   reaction  or 
the    armature   magnetizing  action. 

The    ahove   discussion    clearly   shows   why 
there    is   a   change    in  the    terminal    voltage    of 
ah  alternator,   and  more-over,    for  any  given 
alternator,    the  percentage  voltage   regulation 
will   depend  upon  the  po-'er   factor    of  the  load. 


PART  FIVE 
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LOAD  RUK. 

The    "Load  Run"    of   the  turbo-generator 
unit  was   taken  under  normal    operating 
conditions   and  with  a  load   that   was  varied 
from  the    full   load   value    of   the   alternator 
to  a  rainimuiii  value    of  the   load.      The    load 
at   the    i-)lant   v/as   in  main  a  D.C.    load,    and 
the   alternating   current   load  was  only  about 
half  the    capacity  of  the   alternator.      It  was 
necessary  therefore,  to   convert   our   load    to 
obtain   complete   loading   for    the  alternator. 
This  was  accomplished   by  means   of  two   rotary 
converters,   which  were   installed    as   emergency 
units,    to  serve   as  a  coupling  between  the   A.C. 
and   D.C.    parts   of  the  power  plant.      The   two 
rotaries  were  put    in   operation  and   loaded   from 
the  D.C.    side  until   the  alternator  was  loaded 
to   full   capacity.      The   readings   of  all   the 
instruments  were   then  taken,    as   explained   in 
the  method   of  procedure   for   this  load    on  the 
unit.    The    converted   portion  of  the   D.C.    ] oad 
was   then  shited   back  to   the  D.C.    side  by  metins 
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of  the  rotary  converters  in  four  steps  and 
readings  taken  for  eacii  step.   It  now  became 
necessary  to  shift  the  load  from  the  alternator 
to  get  lower  value,  and  this  was  accomplished 
"by  means  of  a  reciprocating  unit  that  served 
as  a  spare  alternator.   (Phis  unit  was  put  in 
parallel  with  the  alternator,  and  the  load  was 
shifted  from  the  turbo -generator  to  the 
al  ternatOi' ,  th\is  giving  us  the  lower  value  of 
the  load  on  the  unit.   Txjis  method  of  shifting 
the  load  enabled  us  to  perform  the  test  without 
interfering  with  the  operation  of  the  plant  at 
a  time  when  the  load  was  greatest,  and  giving 
us  data  taken  underactual  operating  conditions. 

Two  runs  were  taken  and  the  data  are  - 
3-A  and  .'5-B,  referring  to  these  two  load  runs. 
Complete  calculations  were  made  from  the  first 
run  3-A  and  the  results  included  with  the 
observed  data  on  the  3-A  load  run.   The  method 
of  calculating  and  obtaining  these  results  will 
be  shown  a  little  later.   The  second  run  3-B  was 
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made   to   check  up   on   the   steam  consiirnption 

of  the   •unit,    and    only  such  calculations  v/ere 

made  as  were   required,   and   these   results 

included  ?,'ith  the    observed   data   of  the 

second   run. 

The   steam  flow  to   the  unit  was  measured 

■fay  a  G.E.    flow  meter.      This   type    of  flow 

meter   depends   for   its   operation  upon  the 

displacement    of  a  mercury  column  by  the 

differential  pressure   action   of  a  modified 

Pitot   tube. 

p 


The  basic  principal    of  operation  is 
shown  by  the   sketch  where   S   is   the    static 
opening,   D  the  diameter   of  the    opening   and 
U  an    ordinary  U-tube  manometer  partly   filled 
with  mercury.      Vvlien  there   is  no   flow  the 
suface   of  the   two   mercury  columns  A  and   B 
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will  be  at   the    same   level   and   the  upper 
portions   of  the   tuhe  will   be   filled  vdth 
condensed   steam.      When  there    is   a   flov/,    the 
mercury  v/ill   be   depressed  .as   indicated   and 
the    difference  H  will   be   a  measure   of   the 
velocity  of  flow  at   the   part   in  the  pipe  where 
the  dynamic   tube   is   placed. 

In  the    O.E.    flow  meter    thft  Pitot  tube   is   in 
the   form   of   a  nozzle   plug,   with  two    sets   of 
openings,   a   leading    or    dynamic    set   and   a 
trailing  set   or   static    set.      The   plug  is 
screwed   into   the  pipe  with  the  leading  set 
directly   facing  the   current   and  the  connections 
made  by  piping   to   the    instrument. 

The  movement    of   the  mercury  column   is 
transmitted  by  means   of  a   float   and   a   system  of 
levers   to  a  recording   pen,   which  leaves  a 
trace   on  a   circular   chart  which  is  revolved 
by   clockwork. 

This  type   of  meter  may  be  used   to  measure 
steam   or   water    flow  under  normal    conditions  in 
pipes.      The   only   ciiange   necessary   is   the  proper 
size   of  plug  and   mechanism   for    the   meter. 
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MNUFACTUREHS   GUAHAKTSE . 

STEAM   CO::SUTJIPTIOnS:        The    steam  turbine 
tinit   described,   when  erected    and  properly 
adjusted  will   carry  true    energy  steady 
loads  as  given  below  at   80  per   cent   power 
factor   and  under   constant   operating   conditions 
with   a  consumption   of  dry   steam  not   exceed ing:- 

26"    vacuum 
At   One-half  load   or   1000  K.W.    -  21.9  lbs.   per  Z.W.hr. 
At   Three-quarters   or   1500  iC.W.    -   19.9   lbs.    per  K.W.hr. 
At  Pull   load    or  2000  K.W.    -  19.96  lbs.    per  K.W.hr. 

28"   vacuum 
At   One-half  load   or   1000  K.W.    -  19.00  lbs.   per  JS.W.hr. 
At   three-quarters   or    16000  K.W.    -17.46   lbs.    per  X.W.hr. 
At   full  load   or   2000  K.'V.    -  17.0  lbs.   per  Z.W.hr. 
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TURBO-GEIJEKATOH   DATA. 

Rated   capacity  of  •unit   at   80  per    cent  power 

factor   EOOO  K.W. Maximum. 

Rated    current   per   terminal    627  Amperes. 

Normal    Voltage   2300,    Cycles   60,    '^hase   3. 

Korraal    speed   3600  revolutions   per  minute. 

Turbine  to  be   operated   condensii^g. 

Steam  pressure   at   turbine    throttle  140  pounds 

by  gauge. 

Superheat  in  steam  at  turbine  throttle  none. 

Vacuum  at  turbine  exhaust  nozzle  26  -  28  inches 

of  mercury. 

The  maximum  temperature  of  the  generator,  with 

40'-'  C.  inlet  air  temperature,  will  not  exceed :- 

at  2000  X.V/.  ,  80)0  Power  Factor  or  2500  il.V.A.  , 

627  Amperes  per  terminal,  24  hour  run,  Stator 

temperature  100°  C.  and  Rotor  temperature  135° 

C. 

Excitation  voltage  12  5.  Approximately  83  amperes 

excitation  will  be  required  with  rated  current 

at  one  hundred  per  cent  power  factor.   Approximately 

106  amperes  excitation  will  be  required  v.ith  the 

same  current  at  eighty  per  cent  power  factor. 
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Insulation  test,  a.c.  for  one  minute:   i^'ield 

1500  volts;   Armature  6000  volts. 

Diameter  of  steam  inlet  at  turbine  7  inches. 

Turbine  exhaust  nozr.le  36inches. 

Approximate  overall  length  of  unit  25  feet, 

6  inches. 

Approximate    overall   width  of  unit   9   feet, 

4  inches. 

Approximate   ne  ight   of   hightest   point   of  unit, 

above   floor   line    7   feet,    9   inches. 

Approximate  shipping  weight  of  unit  110400  pounds. 

Approximate  weight  of  heaviest  piece  to  be  handled 

in  erecting  ^SEOO  pounds. 

Approximate  weight  of  heaviest  piece  to  be  handled 

after  erection  840  pounds. 

Approximate  amount  of  air  required  by  generator 

per  minute.  (Undetermined). 
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CAICULATIOIJS. 

The  calculations  of  the  results  that 
were  obtained  will  be  given  in  detail ,  and 
in  the  order  in  which  the  data  aiie  tabulated, 
first  the  electrical  calculations  on  the 
generator,  followed  by  the  calculations  of 
steam  consumption  and  turbine  data,  the 
auxilliary  units,  and  the  condenser  calculations. 

GEITOHATOR  CALCUXATIONS. 


X.V.A.  =  K  X  Volts  X  A:nperes 

1000 


=  113 '8  X  5,35  X  2000 
1000 

=  2060  K.V.A. 


fo   P.F.  :  gy/  X  100   =  8020  x  100 
K.V.A.      2050 

z   98/^. 

Assume  an  efficiency  of  94%  for  the  generator, 
then  the  lose  in  B.T.U.  per  X.W.H.  will  be 


Loss  =  5411  -  3411  =  219  B.T.U.  per  iC.W.H. 
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TUHBIIJE  CALCULATIONS. 

Lbs.  steam  per  K.W.H.  =  Lbs,  steam 

K.W.E.. 

=  46990 
EOEO 

=  22.9  lbs.  stcaTi/K.W.H. 

The  quality  of  steam  at  intake  is  calculated 
from  the  equation, 

■^1  =  (H  't-   ct)  -  qi 
^1 

H3_  =  H  -h  ct. 

H^  =  heat  in  the  steam  at  atmospheric  pressure 
and  at  a  temperature  that  is  the  degree 
of  superheat  of  the  steam. 

r,  -  latent  heat  of  evaporation  at  entrance 
pressure . 

q^  =  heat  of  the  liquid  at  entrance  pressure. 

P   *  P;j^  f  14.7 

P     =  absolute  pressure. 
P-,    =  gauge  pressure. 

P      -   130   -   14.7    =  144.7    lbs.    abs. 
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X-,     -   1172.8    -   32  7,1    -      .96 


Vacuum  corresponding   to  exhaust   temperature. 

V--y      «     Barometer  reading   in   inches   of  merci:;r7. 
V       =     Pressure    in  inches   of  mercury 

corresponding   to   the   exhaust 

temperature. 
'  V^      -      Vacuum  in   inches   of  ruercury 

corresponding  to   exhaust   temperature. 
E8.82    -   4.64   =   24.18    inches  Hg. 

The  numher    of  B.T.U.    per  pound    of   steam  at    the 
turbine   ei^trance   is   calculated    from  the   equation, 

H-L    =   X;^r-L    -   q;^ 

x^   -'  quality  of  steam  at   entrance. 

r-,    z  "tiie   latent  heat   of   evaporation  at  entrance 
pressure . 

q.l   -  heat   of   the  liquid   at   entrance  pressure. 

H-,    =    .97   X  865.5   -  327.2    =   1167.2     B.T.U. /lb.    steam. 

DRY  VACUUI.I  PULiP   GALCULATIOii'S. 

The  amount  of  steam  coneumed  by  the  dry 
vacuum  pump  is  estimated  from  the  dementions 
and    speed   of  the   pump. 
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The   pump   is   9"   x  E2"   x  12"   r-unning  at 
100  R.P.M.    and  with  a  steam  pressure   of  125  Its. 
gauge.      The    steam  end  must   develop  25   it. P.    to 
furnish  the  required   vacuum  and  will   consume 
about   40   lbs.    of  steam  per   H.P.    hour. 

25   X  40   z     1000  lbs.    steam  used   per   hour 
by  the  dry  vacuum  pump. 

EXCITER   CAIOTLATIOKS • 

K.W.    -   V  X  A    -   61   X  99 
'  TOaD  1000 

z  6.05   K.W.    required   by  turbine    for 

ey.citat  ion. 

Assume  efficiency  of  the  exciter  generator 

as  87 yo. 

Assume   efficiency  of   an  A.G.   motor    to   drive 

the    exciter   as   89%. 

The   combined  efficiency   ^  8?   x  89 

z   77.5/0 

6.05  =  7.8  11. W.  needed  for  excitation. 
TTTE 

The  lbs.  of  steam  used  per  hour  is  calculated  as 

follows: 

Lbs.  per  hr.  =       K.W.  x  5411 _ 

B.T.U.  per  iFs"!  steam  at  entrance  turbine 
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7,8   X  3411    -   22.8   lbs.    steam  per  hr. 
1167" 

CONDENSES   CALCULAl'IOilS . 

Water   flow  to    condenser   calG"ulated   from  a 
manometer  reading  given   in  inches   of  mercury. 

h   -  13.6   X  h, 

-  13.6  X  9.6    r  10.85   ft.    water    (head). 
12 

V  =   Cv   /gh" 

z    .92    /32.2   X  h        -      5.22    /10.B5 
=  17.2    ft.   per   sec.    (velocity) 

A   =   Q  -  Q  =     AY 


=  ii  X  17.2    =   3.39   cu.    ft.    per   sec. 
16 

The  water  flow  to  the  condenser  will  then  be 

3.39  X  60  -c  52.2  =  12650  lbs.  per.  rain. 

3.39  X  60  X  7.48  =_1524  gal.  per  min. 

12650  X  60  =  378  lbs.  per  il.W.Hr. 
2020 

The  B.T.U.  added  to  the  condenser  water  per 

K.W.Hr.  calculated  from  the  condenser  water 

temperature  ana  flow  is  given  by  the  equation. 
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B.T.U.  =   q  X  (tg  -  tg) 

Q  =  flow  of  water  in  lbs.  per  iC.W.Hr. 

tr?-  tem-oerature  of  condenser  water  at 

outlet, 
t  -  temperature  of  condenser  water  at 

inlet. 
378  X  (114  -  72.5)  -  15700  3.T.U.  added 
to  the  condenser  water  per  K.W.Hr. 

The  3.T.U.  per  It),  of  steam  above  the 
temperature  of  the  outlet  water  is  calculated 
as  follows: 

H^  -  (tg  -  32)  =  Hg 

1167.2    -    (114   -   32)    -   1085.2    B.T.U.    per 
lb.    of  steam;    above   114°   F. 

The   steam  consumption  of  the    turbine 
calculated    from  the    condenser  water    in  B.T.U. 
per   K.W.Hr.    is   given  by  the   equation. 

Total    B.T.U.    per   g.W.H.    (calc.)       - 


19326  -  17.8  lbs.  steam  per  K.W.Hr. 
1085 
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COKCLUSIOIiS. 

The   steam  consumption   curves,    as 
drawn  from  our   data,    show   that  with  an 
increase   in  vacimm  the    steam  consuiiiption 
will   he   decreased  which   is   what  might   be 
expected.      The   vacuum  under  which  this 
tiirhine   is  operating  is  rather   low,    and 
"by  comparing   the    observed  vacuum  with   that 
corresponding  to   the   exhaust   temperature 
it   becomes   evident    that   there    is   a  rather     ■ 
large   air    leak. in  the   condenser. 

The  water   flow  through   the    condenser 
was  varied,    and   it  was    found    that   the  flow 
was   twice  as  great   as  required,    this  being 
checked   by  the   temperature   of  the   outlet 
water.      It  was   estimated   that   this  would 
amount  to   a  savings   of   about   Seventy-J'i ve 
Dollars    ($75.00)    a  day   to   the   company. 

The    steam  consumption  curves,    being 
compared   to    the   guarantee  given  by  the 
manufacturer,    as   included   in  part   five  lead 
us  to   say  that  under   the   existing  conditions 
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the   tnrbo-geiE  rator  unit   is  performijog 
at   a  steam  cod  sumption  per  K,W,   hour 
which  is  greater   than  might  be   expect (jd 
from   the   manufacturers   guarantee. 

The  writers   respectfully  submit 
this   thesis   as   a  test  of  the  Allis-Chalmers 
Turbo-Generator  Unit  at  Armour   Sc   Co.   which 
we  found    to   be  performing   very  satisfactorily 
under   existing   conditions. 

H.    0.    ZXEKZE. 

G.    A.    GRABENDIZE. 


